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1 Introduction 

 

1.1 LIFE project RAHID 

From October 2010 until December 2016 the LIFE project “Restoration of Atlantic Heaths 

and Inland Dunes in Denmark” (RAHID: LIFE09 NAT/DK/000370) is carried out in several 

Danish nature areas. The heathland habitat types of Europe, and Denmark in particular, are 

considered to be vulnerable and are adversely affected by several factors like airborne 

fertilisation, atmospheric nitrogen deposition, the heather beetle (Lochmaea suturalis), 

fragmentation and poor hydrological regimes. These factors mainly result in the overgrowth 

of grasses at the expense of the characteristic heathland vegetation, resulting in a major loss 

of biodiversity in all targeted heathland and coastal dune habitat types.  

The main objective of the project is to improve the conservation status and, if possible, 

increase the surface area of dry sand heaths with Calluna and Genista (H2310), dry sand 

heaths with Calluna and Empetrum nigrum (H2320), inland dunes with open Corynephorus 

and Agrostis grassland (H2330), Northern Atlantic wet heaths with Erica tetralix (H4010), 

European dry heaths (H4030) and Juniperus communis formations on heaths (H5130). 

These habitat types often occur in a mosaic with each other in the relevant Natura 2000 

sites. The second objective is to improve the existing and potential breeding habitats of the 

wood sandpiper (Tringa glareola) and European nightjar (Caprimulgus europaeus), both 

listed in Annex I of the Birds Directive.  

 

Measures planned to execute within this LIFE project include clearing of woody species (142 

ha), removal of the upper peat soil layer (134 ha), milling of purple moor grass dominated 

heathland (160 ha), harvesting of heathland vegetation (386 ha), controlled burning (578 ha), 

cattle grazing (659 ha) and restoration of the natural hydrology (17 ha of wet heathland).  

 

1.2 Goal of this report 

The goal of this report is to give practical advice way and exact location for execution of 

restoration measures in drift sand and coastal dune landscapes, as well as for subsequent 

‘after LIFE’ management and monitoring. For all areas a logical six-step planning scheme is 

used, called PROMME: Problem, Reason, Objective, Measure, Monitoring and Execution 
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(Brouwer et al. 2006; see also www.barger.science.ru.nl/life/decision-tree/ where the 

planning scheme is developed for raised bogs and coastal dunes). 

Involved areas in this project (figure 1) are Grene Sande (N2000-site 85), Ranbølhede (site 

82), Sdr. Vosborg (site 64) and Husby Klitplantage (site 74). This report indicates which 

restoration measures can be carried out in these areas and which locations should be 

conserved as a source area for characteristic plant or animal species or specific landscape 

characteristics. 

 

1.3 Activities 

This report is based on a field visit, which took place from 31-7/2-8 in 2016 in combination 

with a desk study of field maps (soil, relief and vegetation), aerial photographs and literature. 

During the field surveys vegetation patterns, field relief and soil profiles were analysed in 

relation to the objectives and planned restoration actions of the RAHID LIFE project. Fauna 

species were noted, but the timing (late August/September) as well as limited time of the 

visits were insufficient to make a detailed study. 

Wednesday 31-7-2016: Visit to Grene Sande and Ranbølhede with Claus Simonsen. At 

Grene Sande exact borders and depth for removing upper soil was determined and marked. 

Restoration measures started directly after visit. At Ranbølhede possibilities for future 

restoration, management activities and monitoring were discussed.  

Thursday 1-8-2016:  Visit to Sdr. Vosborg and coastal dunes of Husby with Christian 

Hollesen and Claus Simonsen. At Sdr Vosborg borders and depth for removing upper soil 

were determined and noted on aerial photographs. Also effects and possibilities of tree and 

Juniperus removal and controlled burning were discussed. At Husby klitplantage effects of 

large scale removal of planted forestation were discussed as well as after LIFE management 

and monitoring. 

Friday 2-8-2016: Field excursion to Grene Sande with project leader Søren Rasmussen, 

Claus Simonsen and 8 other nature managers involved in the RAHID LIFE project. Effects of 

first two days of restoration management were observed and discussed with the executive 

field workers.  Possibilities for future restoration, management activities and monitoring are 

discussed. 
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Figure 1: Natura 2000 areas 
visited in this project: 
 
64 = Heder og klitter på 
Skovbjerg Bakkeø, Idom Å og 
Ormstrup Hede 
  
74 = Husby Klit 
 
82 =  Randbøl Hede og Klitter 
i Frederikshåb Plantage 
 
85 = Hedeområder ved Store 
Råbjerg 
 
Source:http://miljoegis.mim.d
k 
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2 Study areas in a landscape context  

 

To understand the present situation and the origin of a sand dune landscape, relief shaded 

maps are used. These maps give basic information on the structure of a dune area. It gives 

insight in the dune types, the main direction in which they have been formed or moved and 

the source area from where sand has blown into the dunes. 

Here we need to make a distinction between the coastal dunes (Natura2000 site # 74, Fig. 

2a left) and the inland dunes (# 64, Fig 2b; 82 and 85, Fig 2c).  

 

 

 

2.1 Coastal Dunes 

Coastal dunes are formed in high dynamic periods in which huge amounts of sand could 

blow from broad beaches land-inwards (west to east) resulting in parabolic dune structures. 

Since people started to fixate the white dunes with marram grass (Ammophila arenaria) to 

protect their land against incoming sand, new development of parabolic dunes has stopped 

and so-called foredunes formed a straight line in front of them at the sea side. Due to higher 

sea levels, the coast changed from an accreting coast into an erosive coast. Large-scale 

forestation has further fixated the dune landscape behind the foredunes. Looking at the 

Figure 2 .  Old geological map of Denmark 

with all study areas (right) indicated in yellow 

as dune landscape (klitlandskab). Source: 

Nielsen (1949) Atlas of Denmark. 

a 

b 

c 
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relief-shaded map of Husby Klit (area 74, Figure 3) we can see clear parabolic dunes at the 

east side. Some of the inner-dune areas still have dune bodies inside (like the central and 

north area) and some areas are completely flat with clear straight-line structures pointing to 

human activity, mainly afforestation.  

 

 

 

What does this mean for the potential of restoring dune formation by wind erosion in this 

area? Under current conditions, the formation of new parabolic dunes will be limited since the 

source is blocked by the fixated foredunes. As long as the management of these foredunes 

is aimed at keeping them in place, no new parabolic dunes can form. In the Netherlands 

experiments with reactivation of these foredunes showed that the forming of new parabolic 

dunes can occur. However this can only be realised where the foredune is not the primary 

water safety structure.  

Large-scale reactivation of the existing (parabolic) dunes located behind the foredunes will 

result in a loss of these dunes and must therefore discouraged. The area will be flattened out 

with some minor dunes left as result. From the field visit we observed that the dune valleys 

are too wet to function as a source area for blowing sand needed to build up dunes.  

If new dune formation is given room by reactivating foredunes in those dune sections where 

already parabolic dunes are present, the large scaled stable parabolic dunes at the edge of 

the dune field next to the forest (and the forest itself) will protect the inland against sand drift 

and seawater.  

 

Figure 3  Relief-shaded map 

Husby Klit, Natura2000 site # 74. 

(source: © Styrelsen for 

Dataforsyning og Effektivisering) 
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2.2 Inland drift sands 

Inland drift sands can, in most cases, easily be recognised by the typical relief-shaded 

structure.   In Denmark drift sands are clearly linked to morainic deposits which differentiates 

them from large Dutch drift sands who have been formed on cover sand from aeolian 

deposits. As a result, most Danish drift sand only have a small, spatially limited amount of 

source material compared to larger Dutch drift sands, of which available sand sources can 

reach several meters in height and several square kilometres in surface. The combination of 

a large surface and amount of source material in Dutch drift sands result in series of typical 

dune formations, of which the composition within the drift sand landscape is alike between 

areas (Figure 4). With prevailing winds from SW to NE , we find mobile dunes and Nabkahs 

in the most south western part of drift sands (where erosion takes place), drift plains in the 

middle part and parabolic dunes and ‘randwallen’ on top of the original soil at the north 

eastern part of drift sand (where accumulation takes place). Within the landscape areas dune 

plateaus (‘fort’) remain where the original soil was resistant against wind erosion and are 

covered with drift sand. 

 

 

 

Figure 4. Drift sand structure and features: Left the source area from where sand has been blown 

away resulting in lower plains on a C-horizon (topsoil is lost here) with a thin layer of drift sand on top; 

Forten (dune plateau where the original soil was resistant against wind erosion covered with drift sand) 

and local drift sand dunes (Nabkahs) formed by vegetation catching sand. To the right an over-blown 

area where the original soil is covered with a layer of drift sand. Depending on the amount of sand and 

size of the area, this might result in a sequence of parabolic shaped dune fields. In some occasions 

the process has been stopped by a forest resulting in high straight dunes (randwal) at the border of 

the forest.   

 

‘fort’ drift plain mobile dunes and Nabkahs parabolic dunes ‘randwal’ 
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Looking at figure 5 we can see a landscape with 

clearly differs from the typical drift sand structure. It 

consists of ice-pushed morainic structures (large scale 

relief structures) with dune structures (fine pattern of 

smaller relief structures) along the side of these 

morainic structures. Looking more closely to the dune 

landscape (Look for the original map on the site to see 

this as the resolution of the exported file is too low to 

zoom in to this level) we can see that many of these 

dunes are oriented in downslope direction pointing to 

downslope transport by water or ice. If they were 

formed by wind only they would be more oriented in 

the main wind direction. This makes that these areas 

are very difficult to understand. 

 

Fieldsurvey is needed to see if the structures are wind or water made. Areas with fine 

textured uniform sand in the top layer point to aeolian deposits, whereas topsoils with a 

larger range in particle size and pebbles points to fluvioglacial sediment deposits. The 

amount of fine sand determins if an area suitable for reactivation. In the next chapter the 

potential for drift sand development is further discussed per area visited. 

 

 

 

  

Figure 5.  Relief shaded map Heder 
og klitter på Skovbjerg Bakkeø, Idom 
Å og Ormstrup Hede (Natura2000 
site # 64).  

(source: © Styrelsen for 
Dataforsyning og Effektivisering) 
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3 Description and management advice for areas 

 

3.1 Grene Sande 

 

GPS  55719340-000903460 

 

3.1.1 Description 

Heterogeneous heathland with fens, wet heathland, dry heathland and small drift sand relicts 

(Figure 6). Nitrogen deposition is about 20 kg/ha/year, which does not yet cause severe 

visible effects on the system: some parts of the heathland are overgrown by tall grasses 

(mainly Molinia caerulea in lower parts) and on small disturbed patches the invasive moss 

Campylopus introflexus is present in only small quantities. The heathland is relatively rich in 

herbs, such as Harebell (Campanula rotundifolia) and Sheep's bit scabious (Jasione 

montana) indicating a healthy nutrient and pH status of the soil. 

 

 

 

 

  

Figure 6. Areal photo of Grene 

Sande. Sand dunes are kept 

open by recreation. The red line 

indicates the area where soil is 

removed for drift sand 

restoration. Blue line indicate 

area where planted forest or 

scattered trees are (or will be) 

cleared to increase windforce. 

The forest edge on the moraine 

edge (yellow line) can be 

maintained and might work as a 

bouncing ‘wall’ increasing wind 

speed on the open sand. Note 

that the dominating wind 

direction in this area is NW, 

which is reflected by the form of 

the stable and active dunes. 
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Figure 7.  The soil profile consist of a 15 to 25 (sometimes up to 30) 

cm thick top layer (A-horizon) rich in organic matter with a E-Horizon 

and starting B-horizon on top of a C horizon consisting of old drift 

sand. The darker lines in the profile point to more stable periods with 

no wind-erosion activity.   

 

 

 

 

 

 

 

The topsoil layer (old forest soil) in the soil profile (figure 7) needs to be removed for re-

activation of the drift sand. Without this removal of topsoil, vegetation will recolonise this area 

rapidly. The soil material of the A and C-horizon consists of well-sorted (old) drift sand (size 

180/250 µm), which is very sensitive for wind erosion. The stock of erodible sand for wind 

erosion is sufficient to guaranty sand dynamics over a longer period. However, at a larger 

depth (more than 1 m) underneath the drift sand we found an old E-horizon and B-horizon 

(podzol). Here wind erosion will no longer take place.  

 

Animal and plant species found or know to be present are a.o. Blindworm (Anguis fragilis), 

European Nightjar (Caprimulgus europeus), Red-backed Shrike (Lanius collurio), Heathling 

(Hipparchia semele) and Stag's-horn clubmoss (Lycopodium clavatum). Lichen vegetation 

has become marginal compared to earlier publications. Some typical inland dune species 

that have been reported before have not been seen during the visit, including Cetraria 

islandica, Cladonia bellidiflora and Cladonia monomorpha. 

 

Since the area in which measures are planned was covered by a densely closed forest, no 

relic populations of plant or animal species of open heathland or drift sand are present which 

can be lost when taking measures. Characteristic species and habitats are still present in the 

open landscape, but when measures are executed on a small scale there seems to be no 

risk to loose species from the area. 
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3.1.2 Actions and objectives 

In this LIFE project 70 hectares of forest is removed. Large parts of the clearings and 

heathlands with tall grasses are burned (winter 2013-2014) and subsequently grazed with 

cattle. At this moment, these areas are in transition from forest clear-cut to a mosaic of 

heathland with grassland, and have a disturbed and species poor character. Development to 

a species rich, open vegetation with only few (groups of) trees is possible when grazing and 

burning are continued and will guarantee wind force to keep open sandy areas active. 

 

3.1.3 Advice for restoration measures 

For restoration of open, active drift sand an area is indicated in the field where the organic 

top soil layer should be removed until the mineral sand source. This sand is former drift sand 

which can be reactivated, with underneath the original morainic deposit which locally also 

can erode and add extra sand to the dune building process. 

Since the dominating wind direction in this area is NW the forest and scattered trees in the 

NW direction of drift sand restoration must be removed to ensure enough wind force for 

aeolian processes. As a rule of thumb, a distance of at least 12 times the height of the trees 

should be cleared to ensure an optimal wind velocity in the restored drift-sand area.  Note 

that a few scattered trees slow down wind more than a closed forest edge by which wind is 

redirected, but not decelerated. Therefore, the closed forest on the moraine edge can be 

maintained  and might work as a bouncing ‘wall’ increasing wind speed on the open sand in 

NW direction.  
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PROMME stepwise plan for Grene Sande 

 

 LIFE plan RAHID This advice 

Problem Loss of open and active sand; 

decrease of plant and animal 

species of open, sandy 

habitat, but no species lost in 

the area 

idem 

Reason Historical forestation of dunes, 

most with non-native Pinus 

and Picea sp, in combination 

with grass encroachment in 

open areas due to increased 

airborne nitrogen deposition 

idem 

Objective Increase of drifting sand, 

stabile sand patches and open 

vegetation types as habitat for 

characteristic plant and animal 

species 

idem 

Measures Clearing of forest. Top soil 

removal of total dune (slopes 

and top) until mineral layer 

Soil removal only on SW- and 

W-slopes, not on dune tops. 

Clearing of low forest, but 

closed forest edge can stay to 

function as wind tunnel 

Monitoring  Natura 2000 species and 

habitats 

idem + surface of open sand 

(drifting and stabile) and 

vegetation types in succession  

Execution Within this LIFE project idem: directly after advice in 

field on area and soil depth 
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3.2 Ranbøl hede  

 

GPS 5566963 – 00916506 

 

3.2.1 Description 

Large scaled flat heathland with one narrow ridge of stabilised sand dunes on an uneven 

edge of moraine soil with old podzol profiles (figure 8a + 8b). The sand dunes were never 

planted with trees (maybe with Marram grass) and probably stabilised on a natural way when 

the supply of loose sand decreased. Also note that the dunes do not have a typical sand drift 

relief with parabolic structures. Compared with the surface of the total area, the dunes are 

relatively low, certainly when it is realised that a part of the ‘dune’ relief is an pushed up 

moraine soil. If the heathland in the SW part is indeed the source area for the dune ridge, 

there was only a very shallow layer of sand present, which confirms a stabilisation caused by 

depletion of source material. 

According to the soil profiles with many darker ridges and two podzol soils the sand dunes 

have been stable for at least a century by now and in the past have also known long stable 

periods alternated with active drifting sand. In the Second World War German army troops 

were very active at the dune ridge which was used to observe the surrounding area. Active 

sand is now only at places with high disturbance by pedestrians. 

The heathland southwest of the dunes is flat and wet with a subtle gradient in relief. Larger 

parts of heathland are dominated by Purple moor-grass (Molinia caerulea) which is fight back 

with annual burning and grazing. Parts of the dune are dominated by Wavy Hair-grass 

(Deschampsia flexuosa) (figure 10). The heathland on the dunes contains a mix of herb 

species like European goldenrod (Solidago virgaurea) and Harebell (Campanula rotundifolia) 

and disturbance indicators like Common aspen (Populus tremula) and Sand sedge (Carex 

arenaria). The heathland held the last population of Black grouse (Lyrurus tetrix) of Denmark 

(Holst-Jørgensen 2000) and is still inhabited by characteristic heathland species like Curlew 

(Numenius arquata), Red-backed Shrike (Lanius collurio) and Great Grey Shrike (Lanius 

excubitor). Open sand only exists where recreational disturbance takes place (figure 9). The 

small vertical erosion cliffs on the sand dune habits many bee and wasp species like 

European beewolf (Philanthus triangulum). Typical drift sand vegetation of early succession 

stages is confined to a narrow zone along footpaths and typical species are at risk of local 

extinction (figure 11 and 12). 
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3.2.2 Advice for restoration measures 

No large scaled measures, only small-scaled removal of sand at slopes: new possibilities for 

species of early and intermediate succession stages, mainly bryophytes, lichens, annual 

herbs and thermophilic animals. Removal of non-native trees and shrubs. Maintenance of 

burning and grazing to reduce tall grasses. 

 

PROMME stepwise plan for Ranbøl hede 

 LIFE information This advice 

Problem Loss of open and active sand; 

decrease of plant and animal 

species of open, sandy 

habitat, but no species lost in 

the area 

idem 

Figure 8a: Aeral photograph of 

Ranbøl hede, with the large flat 

heatland area in SW and the 

narrow dune ridge in NE.   

 

Figure 8b. Detailed aerial 

photograph of the sand dune 

ridge. Sany dunes are kept open 

by recreation and subsequent 

rain water erosion, wind 

dynamics lack almost 

completely. 
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Reason Grass encroachment and 

increased vegetation 

succession,  probably due to 

increased airborne nitrogen 

deposition 

Natural stabilisation of sand 

system (no source material 

left), in combination with some 

grass encroachment, probably 

due to high nitrogen 

deposition. Non-native plant 

species (especially Populus 

tremula) might become a 

problem in the near future. 

Objective Increase of open stabile sand 

patches and open vegetation 

types as habitat for 

characteristic plant and animal 

species 

idem 

Measures Not yet decided No large-scale measures! 

Small-scale soil removal on S 

and SW- slopes (no dune 

tops!) for creation of open 

sandy habitat, not for drift 

sand. Removal of non-native 

trees and shrubs. 

Maintenance of burning and 

grazing to reduce tall grasses 

Monitoring  Natura 2000 species and 

habitats 

idem + surface of open sand 

(drifting and stabile) and 

vegetation types in succession  

Execution Not planned yet Not planned yet 

 

 



Drift sands and coastal dunes in Jutland 19 

 

 

 

 

 

 

Figure 9. Open sand as a result 

of recreational disturbance at the 

end of the inland dune ridge at 

Ranbøl hede (top) and a soil 

profile with many subtle sand 

layers indicating a history of 

dynamic and stabile periods 
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Figure 10. Massive heathland vegetation of Deschampsia flexuosa indicating the presence of forest in 

the past. Sod-cutting is required to prevent it from getting encroached by pine and Juniper trees. 

 

 

Figure 11. Marginal presence of a typical drift sand lichen, Baeomyces rufus. 
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Figure 12.  The typical lichen species Dibaeis baeomyces growthing on bare sand. This species and 

many Cladonia species will increase in 5-15 years after sod cutting. 

 

 

 

Figure 13 Partly removing invasive Juniper shrubs. 
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3.3 Sdr. Vosborg  - open heathland with Juniperus shrub 

 

gps RD 342416-924232 

 

3.3.1 Description 

The area Sdr. Vosberg lays in the central part of the Skovbjerg area. The area which were 

visited is situated in the northern of three inland dune belts east of Ulfborg (figure 14), 

between Lystbæk and Lystlund (figure xx). Large areas of the sand belt are covered by pine 

forest, but also in the open areas active drift sand is very scarce. Open sand is only present 

on places with regular disturbance by people or deer, leading to water and wind erosion. 

Main wind direction in this area for wind erosion and shaping of new dunes is west (W). 

 

  

Figure 14a: Aeral photograph of 

the northern sand belt east of 

Ulfborg.  

 

Figure 14b. Detailed aerial 

photograph of the sand dunes of 

Sdr. Vosborg. The open dunes 

are kept open by disturbance 

and wind. The main wind 

direction is W. 
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The vegetation is formed by a mosaic of dry heathland (Calluna vulgaris), wet heathland with 

Cross-leaved heather (Erica tetralix) and Bog asphodel (Narthecium ossifragum) as well as 

Juniperus scrubs (Juniperus communis) and small scaled spots with pioneer vegetation on 

sand. The heathland is relatively rich in herbs, such as Harebell (Campanula rotundifolia), 

Sheep's bit scabious (Jasione montana) and Arnica (Arnica montana) on burnded spots, 

indicating a buffered nutrient and pH status of the soil. 

 

Soil profiles indicate an alternation of active and long stabile periods when organic layers are 

formed, but no formation of podzol soils on top of the moraine landscape. Archaeological 

marks such as old road patterns, cattle corrals and small stone piles - of which role and 

origin are unclear –indicate an active role of humans in the history of this landscape. 

Afforestation has stabilised large parts of the drift sand belt, but the distance from the forest 

edge to the sand dunes in the study area is large enough to guarantee enough wind force.  

 

Based on relicts of Marram grass vegetation it can be concluded that the sand dune area of 

Sdr. Vosberg is (at least partially) actively stabilised long time ago and is subsequently grown 

with heather and Juniperus vegetation. However, the amount of sand which can serve as 

source for active drift sand restoration is very limited, with almost all drift sand material being 

accumulated in the stabilised dunes which are present now. Large areas of the less steep 

‘dunes’ exist of moraine source material with high densities of stones and pebbles (probably 

accumulated to a ‘desert pavement’ when loose sand was blown away, with a thin layer of 

drift sand. All places with open sand and active water or wind erosion are situated on spots 

were stabile dunes are corroded by trampling, resulting in hard borders between open sand 

and dry heathland, with only very limited space open pioneer vegetation and - on long term - 

a loss of the original dune landscape.  

 

Regular management is extensive burning and grazing in this area (and removal of Pinus 

mugo?), but in the RAHID LIFE-project a start is made for drift sand restoration by burning ± 

25 ha of dry heathland with Juniperus and pulling of Juniperus and Pinus sp. on 0.5 ha 

(figure 13). However, this pulling mixes the organic top soil layer with the deeper mineral 

layer which will hamper active drift sand.   
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3.3.2 Advice for restoration measures 

Many typical species are present in low quantities in pioneer vegetation, but 

scattered over the area. The risk of losing species form the area is low when working 

on a small scale. Colonization of new open areas is expected, but will probably take 

some time. During the execution of the measures, care should be taken not to disturb 

the current areas with pioneer vegetation. 

Large-scaled measures to create an open, active drift sand area are discouraged, 

because the low amount of source material. Small scaled removal of the organic top 

soil (max 50x50 m) on southern or western slopes can create new possibilities for 

pioneer species. Dune tops should be left intact in order not to lose the original 

landscape structure and end up with a flattened, homogenous dry heathland. 

Management can be done on a maximum of 3 or 4 locations and repeated every 3 to 

5 years to maintain all stages of vegetation succession. Extra geological research is 

absolutely necessary to understand the complex pattern of soil types and to discover 

possibilities for drift sand restoration without damaging the existing landscape. 

 

 

PROMME stepwise plan for Sdr. Vosborg  - open heatland 

 

 LIFE information This advice 

Problem Loss of open and active sand; 

decrease of plant and animal 

species of open, sandy 

habitat, but no species lost in 

the area. 

idem 

Reason Grass encroachment and 

increased vegetation 

succession,  probably due to 

increased airborne nitrogen 

deposition and afforestation in 

the past. 

Natural stabilisation of sand 

system (depletion of source 

material), in combination with 

increased vegetation 

succession , probably due to 

high nitrogen deposition. 
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Objective Restoration of active drift sand Increase of open stabile sand 

patches and open vegetation 

types as habitat for 

characteristic plant and animal 

species. No restoration of 

active drift sand, unless further 

research reveals enough 

source material. 

Measures Burning and pulling of 

Juniperus and Pinus sp. to 

prepare for removal of top soil.   

No large scaled measures! 

Small scaled soil removal on S 

and SW- slopes (no dune 

tops!) for creation of open 

sandy habitat, not for drift 

sand. Removal of non-native 

trees and shrubs. 

Maintenance of burning and 

grazing to reduce tall grasses 

Monitoring  Natura 2000 species and 

habitats 

idem + start with research on 

availability of source material 

& afterwards monitoring of 

surface of open sand (drifting 

and stabile) and vegetation 

types in succession  

Execution Not planned yet Not planned yet 
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3.4 Sdr. Vosborg - Afforsted area 

 

3.4.1 Description 

Afforested site of Sdr. Vosborg, 3,5 km east of open area. Only a very small part is visited 

during a short stop. This area was active drift sand stabilised by planting Maram grass and 

Mountain pine (Pinus mugo). It still contains a relatively deep layer of drift sand material 

which can be used as a source for restoration, which creates a totally different situation 

compared with the open areas of Sdr. Vosborg.  

 

PROMME stepwise plan for Sdr. Vosborg - Afforested area 

 LIFE information This advice 

Problem Loss of open and active sand; 

decrease of plant and animal 

species of open, sandy 

habitat, but no species lost in 

the area. 

idem 

Reason Afforestation in the past. idem 

Objective Restoration of active drift sand idem 

Measures Removal of all trees, 

vegetation and top soil 

Removal of almost all trees 

and organic top soil layer, but 

with preservation of some 

(groups of) trees and of 

vegetation on higher locations, 

which will be functioning as 

the new spot for sand dune 

development. 

Monitoring  Natura 2000 species and 

habitats 

idem + surface of open sand 

(drifting and stabile) and 

vegetation types in succession  

Execution Not planned yet Not planned yet 
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3.5 Husby Klitplantage 

 

3.5.1 Description 

Stabilised and afforested large-scaled ‘fossile’ parabolic dune, which was completely covered 

by trees, mainly Mountain pine (Pinus mugo ). 

 

3.5.2 Advice for restoration measures 

This area is in need of more younger successional stages. Forest has already been removed 

at a large scale, but further burning is required, followed and small-scale sod-cutting at the 

planes and lower slopes of the west side of higher dunes to reveal bare sand. 

 

PROMME stepwise plan for Husby Klitplantage 

 LIFE information This advice 

Problem Loss of open sand and open 

vegetation types; decrease of 

plant and animal species of 

open, sandy and vegetated 

habitat. No clear view at 

original large-scales parabolic 

dune structure.  

idem 

Reason Afforestation and increased 

vegetation succession and 

domination of tall grasses due 

to increased nitrogen 

deposition 

idem 

Objective Open landscape with view on 

original geological form and 

habitat for plant and animal 

species of open landscape. 

Active sand drift and new 

parabolic formation only in 

fore dunes. 

idem 
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Measures Cutting and removing trees, 

partial sod cutting/ removal of 

top-soil. Allow erosion and 

drifting sand at beach and fore 

dunes 

idem 

Monitoring  Natura 2000 species and 

habitats 

idem 

Execution Now in RAHID LIFE project idem 
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4 After LIFE measures and monitoring  

 

For a full description of important measures, management actions and monitoring 

see chapter 19 of the book “Inland drift sand landscapes” (Fanta & Siepel, 2010), of 

which the text is added to this report as supplement 1. 

 

4.1 After LIFE measures 

For After LIFE measures, the most important topics are: 

 

4.1.1 Decrease pine growth 

Create an forest margin of Oak (Quercus sp.) around the drift sand area instead of 

pine trees (Pinus sp.) to prevent fast colonisation of pine trees. This will decrease 

management costs in future. 

 

4.1.2 Keeping sandy areas open 

Success of restoration of drifting sand is partly determined by weather conditions in 

the year after restoration management. High temperatures and rainfall and the 

absence of storms will facilitate growth and survival of algae, mosses and plants, 

resulting in an increased stabilisation rate of the area. Low temperatures, little rain 

and (dry) storms promote the drifting of sand and removes small organic particles. 

The loose soil structure and lack of organic material decreases the changes for 

plants to colonize the area. 

Whit rapid colonization of bare sand with plants, more management is necessary: 

closed vegetation should be removed (sod-cutting), open vegetation with less than 

30% cover of moss and grasses can be disturbed in a warm and dry period. 
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4.1.3 Create succession stages between open sand an heathland 

Part of the newly created sandy areas becomes overgrown by mosses, lichens and grasses. 

This dry grassland vegetation is considered the most valuable part of drift sand areas, as 

they have an unique biodiversity, including entomofauna. 

Lichen-rich vegetations can also be expanded by sheep grazing on Calluna heathland. 

Grazing reduces the amount of Calluna. 

 

4.2 Monitoring 

Monitoring of the changing situation in a drift sand landscape is required, since effective 

management goes with sufficient input of knowledge. Changes in the area of bare sand 

should be monitored annually in transects (parallel and square angle  with prevailing wind 

direction) or with aerial photography (drone). With the same methods Shifts in vegetation 

may be monitored every five years, distinguishing bare sand (1), bare sand with less than 5% 

cover of Grey-Hair Grass (2), Hair-Cap Moss with some Grey-Hair Grass (hardly any other 

species present) (3), moss Campylopus introflexus and grasses (poor in lichens) (4), 

species-rich mosaics of lichens, mosses and grasses, dominated by lichens (5), grassy 

vegetations with at least 50% cover of Sheep’s Fescue, Brown Bentgrass, and larger lichens 

(Cladonia portentosa, C. uncialis, C. gracilis) (6), drift sand with Heather (7) and (young) 

trees such as Scotch Pine and Birch (8). Numbers 1, 2 and 7 may be detected with aerial 

photographs only, the others require complementary field visits. Some plant and animal 

species may be given additional attention  

Reporting may distinguish between positive indicators (open sand and target species or 

habitats) and negative indicators, such as increase of invasive species: Scotch Pine, Black 

Cherry, and Campylopus introflexus. Results to be used to adjust the management of the 

drift sand landscape in order to meet Natura 2000 requirements and legislate this landscape 

to future generations. 
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Supplement 1  

 

Chapter 19 from Fanta & Siepel (2010): Inland drift sand landscapes 

 

Drift sand landscape development, protection and management 

By: H.Siepel, M.Riksen, M. Nijssen, L. Sparrius and J.Fanta 

 

In this chapter we will summarize in headlines and integrate the material from the previous 

chapters. Moreover, we will try to extract the facts needed for a proper management of inland 

drift sands as important Natura 2000 habitat-types. Proposals for management strategies will 

be given, as well as the whole pattern of analysis, named the PROMME-model: Problem 

definition, Reason, Objective, Measure, Monitoring and Execution. 

 

Synthesis 

 

Biodiversity 

In an inland drift-sand landscape biodiversity is comparatively poor, but the occurring species 

are very characteristic for that biotope. The majority of those species can be found in coastal 

dunes and dry heathlands as well, however, a small number is really bound to inland drift 

sands in the Netherlands. These species are: Sheep’s Fescue (Festuca ovina hirtula), 

Condensed Snow Lichen (Stereocaulon condensatum), Iceland Moss (Cetraria islandica), 

Olive Cladonia (Cladonia strepsilis), Tree Grayling (Hipparchia statilinus), Tawny Earwig 

(Labidura riparia) and Eurasian Wryneck (Jynx torquilla). Two other species strongly 

associated with drift sand landscape are gone extinct in the Netherlands recently: Tawny 

Pipet (Anthus campestris) and Great Grey Shrike (Lanius excubitor). 

 The majority of species found in inland drift sands are among lichens, digging wasps, 

ants and ground beetles. An analysis of all Dutch lichens (around 700 species) and a 

selection of Dutch fauna, for which amply distribution data exist (around 3800 species) learns 

that 19 species of lichen and 159 animal species are associated with inland drift sand. A few 

percent of Dutch biodiversity is to be maintained by vital inland drift sands. The association 

probably based on the very nutrient-poor and dry conditions in this biotope, making it 

adverse and only in reach to adapted species. 
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 Surprisingly is that the association of characteristic drift sand species has become 

stronger in the past decades. This is found both in the analysis of standardized distribution 

data based on square kilometers, as well in the analysis of more precise descriptions of the 

biotope of species, presently seen as typical for inland drift sands: Tawny Pipet, Great Grey 

Shrike, Tree Grayling, and Iceland Moss. All those species occurred in earlier days in all 

kinds of dry open landscapes in the Netherlands, such as dry heathlands, extensive dry 

arable land and river dunes. Presently, all vanished in these biotopes and are restricted to 

drift sands. In this way drift sands form a refuge for these species, which makes conservation 

even more important and restoration urgent. 

 

Aeolian activity 

The present drift sand area and its status is not good. Large-scale afforestation in the first 

half of the 20th century diminished the area strongly. Ever since the total surface of bare 

sand in decreasing steadily. No interference will lead to a complete absence in about fifty 

years. The process occurs in virtually all different types: vast areas, small plots, high or low 

atmospheric nitrogen deposition. It remains difficult to exactly point to the main cause of 

decrease of aeolian activity; some will pass in revue, such as the role of mankind, climate 

changes, afforestation in the past and high atmospheric deposition of nitrogen. 

 Our role in the arising and expansion of drift sands is far from clear. Man did 

influence, through its land-use, the creation of a very erosion-sensitive open landscape. But 

climate changes appear to have had a far more dominant role in expansion of drift sands, 

than has been assumed to-date. Large-scale aeolian activity is firmly correlated to weather 

conditions, especially for the larger areas. Structures, derived from the national digital height 

data in the Netherlands (AHN), point to an autonomous development in these areas. Man 

had little influence on the large-scale extensions of drift sands. This means that we can partly 

create the conditions to make an area sensitive to erosion, but finally prevalent weather 

conditions turn the scale to aeolian activity and with that to the continuity of the drift sand 

landscape (presumed that erodible sand is present). Otherwise the area will close. Present-

day climatological conditions suggest the latter. However, local circumstances prevent an 

unidirectional process, because intensive trampling may stimulate erodibility, and 

afforestation around the majority of drift sand areas may hamper aeolian activity, just as the 

growth of algae and Grey-Hair Grass, due to atmospheric deposition of nitrogen. 
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 Knowledge on the aeolian activity reveals that weather conditions determine the 

intensity and duration of erosion. When our climate changes, this obviously will have 

consequences for the continuity of our drift sand landscape. Next to wind velocity, other 

factors as temperature, precipitation, and humidity will have a direct effect on aeolian activity. 

Also vegetation development, indirectly determined by amongst others weather conditions, 

plays a dominant role. Long dry periods are favourable for aeolian activity and less 

favourable for vegetation development. Mild and humid autumns are on the contrary very 

favourable for the growth of algae and the germination of seeds of Grey-Hair Grass. The 

humid and mild conditions of the last decades, therefore augurs not well. Higher frequency 

and intensity of storms in the dry summer months may be favourable, but higher 

temperatures and more precipitation in autumn prolong the growing season and stimulate 

succession. Consequently, drought resistant animal species, often susceptible for moist 

conditions will suffer. 

 Although the role of man in the birth of drift sand may be more humble than 

previously thought, man did influence the reclamation of drift sands by large-scale 

Afforestation in the beginning of the 20th century, followed by spontaneous bunch rise in 

adjacent areas. Drift sands are still contracting due to invading Scotch Pine. Originally 

afforestation was mend to restrain the drift sands, which has been successful. Unfortunately, 

most drift sands are now too small for significant aeolian activity. Wind velocity is hampered 

in a zone about twenty times the height of the adjacent forest. With a height of around 12-15 

meters, the drift sand should have a length of at least several hundreds of meters and 

consequently a surface of many hectares, to have at least some aeolian activity. Many drift 

sand remnants appear now to be too small. Although also the larger drift sand areas have 

been influenced negatively by afforestation, wind still has enough power and velocity needed 

to blow the sand. Unfortunately in these cases forests cover the sources of blowing sand in 

the south-west. Well-developed drift sand contain longitudinal cells in a south-west to north-

east direction. In the south-western part is a zone of Nabkahs, delivering the sand, a blown-

out area in the centre, possibly with remnants such as plateau dunes, and a stationary zone 

of parabolic and hummocky dunes; the sand-deposit area. Due to large-scale afforestation 

most of the present-day drift sands are too small to contain all these structural elements. 

Otherwise, in areas where these structural elements are still present, such as in the 

Kootwijkerzand, there is no room for natural expansion. Drift sand grow, once started, 

against the wind, thus to the south-west. The blown sand is replaced in the wind direction, to 
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the north-east. The deflation zone is therefore expanding in south-western direction, where 

the eroding capacity of the wind is highest. Once the sand is moving, the eroding force of the 

wind decreases, and sand is just transported (transportation zone). The parabolic and 

hummocky dunes in the north-east are the end of the transport; the deposition zone. When 

the distance for transport becomes too long, a new line of parabolic dunes is formed before 

the old ones (not behind), which has been supported by historical maps. Large-scale 

afforestation was done exactly in the south-west part to break the wind, but now it forms a 

blockade for natural expansion. In moving drift sands, expanding in the south-west and 

coming to rest in the north-east, regularly pioneer stages arise, which are of interest for 

characteristic drift sand animals. The slightly better nutritional quality of Grey-Hair Grass may 

be one of the reason. Furthermore in these stabilizing areas lichen-rich vegetations may 

develop. The manager may use this reservoir of sand covered with forest to regulate a 

dynamic part within the drift sand area, and meanwhile preserving all other stages of 

stabilization, with its vegetation development. 

 Non-interference in small drift sand will lead soon to continued succession to either 

heathland or forest, presently seen in most of these drift sands. Younger successional stages 

decrease fast, leading to the verge of extinction of species bound to these stages in virtually 

all drift sands. For a substantial transport of sand, a blown-out area of at least 200 meters is 

needed in the main wind direction. Most spots of bare sand in drift sands are much smaller, 

barely giving any balance to vegetation succession. Vegetation succession is speeding 

especially in the blown-out areas, because little moveable sand is still present. Increased 

atmospheric nitrogen deposition has changed these old successional stages with lichen to 

fields of the invasive moss Campylopus introflexus.  

 Re-activating drift sands should occur at the south-west. Removing the vegetation 

cover in the north-east (on the parabolic and hummocky dunes) does create a short period of 

sand transport, but it leads to the removal of the dune and consequently a leveling of the 

area, without the income of new sand. Sustainable restoration is only possible taking the 

natural structures as starting point, especially when there is room for restoration in the south-

west. 

 

Atmospheric deposition of nitrogen 

Next to the mentioned factor that hamper the aeolian activity in drift sands, in the 

Netherlands also a considerable atmospheric deposition of nitrogen occurred during the past 
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decades. Although decreased, the present deposition level is still around 25-50 kg.ha-1.yr-1. 

An internationally set critical nitrogen deposition range is 10-20 kg.ha-1.yr-1. For Dutch drift 

sand it has been calculated to be 10.4 kg.ha-1.yr-1. The range is that low because of the 

absence of any organic material in the sand, making other nitrogen availability obscure. The 

accelerated closing of the vegetation cover in the period 1981-2007 (compared to the period 

1950-1980) may be due to this atmospheric nitrogen deposition. In lichen-rich vegetation this 

additional nitrogen may even have led to toxic effects (toxicity for ammonia). Characteristics 

lichens in drift sands are: Cladonia borealis, C. monomorpha, C. pulvinata, C. strepsilis en C. 

verticillata. At relative low atmospheric deposition rates of nitrogen these are fairly common. 

At increased levels of nitrogen deposition, the more robust species Cladonia portentosa, C. 

gracilis and C. zopfii and litter preferring species like C. macilenta, C. floerkeana and C. grayi 

become dominant. Overall species richness is decreasing. Lichen-rich vegetations up to 

twenty species are found virtually exclusive in areas with low atmospheric nitrogen 

deposition. Increased atmospheric deposition stimulates grass growth closing the vegetation. 

Moreover, the introduction of the invasive moss Campylopus introflexus, which growth is 

stimulated as well by the extra nitrogen, formed an additional threat to the lichen-rich 

vegetations. Furthermore, atmospheric nitrogen deposition leads to more acidification and an 

increase of the Al:Ca ratio, which may be the cause of the decrease of Sheep’s Bit (Jasione 

montana) and Small Cudweed (Filago minima), due to Al-toxicity.  

 Colonization of vegetations of Hair-Cap Moss (Polytrichum piliferum) by lichens can 

be successful up to 25-30 kg.ha-1.yr-1, at higher deposition levels this colonization takes 

place by Campylopus introflexus instead, forming dense vegetations and forming an absolute 

stabilization of the drift sand. This moss forms an ectorganic layer of dead moss, which leads 

in turn to an increase of available nitrogen. Theoretically this moss may hold its position then 

forever, in practice it appears that after several years the rhizomes are decomposed or 

eaten, and the moss-tussocks are opened. Vegetative spreading may occur, when 

settlement is still favoured by high atmospheric nitrogen deposition. 

 As most drift sands are surrounded by Scotch Pine forest, this species forms a 

continuous threat for the openness of the drift sands. Scotch Pine is able to germinate 

already in the stage of Hair-Cap Moss and a continuous and vast amount of seeds is blown 

into the drift sands annually. Removal of Scotch Pine in drift sands should have a high 

priority for the manager. 
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How do animal species survive? 

Decreasing aeolian activity, accelerated succession and partly replacement of lichen-rich 

vegetations by Campylopus introflexus or grasses has had influence on the occurrence of 

animal species in drift sand landscapes. These species had to cope with decreasing areas, 

with mostly poor connections to other drift sands, decrease of the nutritional quality of Grey-

Hair Grass and changes in food-webs as a result of dominance of Campylopus introflexus.  

Large and heterogeneous drift sands are generally more diverse in animal species than 

smaller drift sands, although exceptions of this rule occur, as long a diversity and gradient of 

vegetations, including bare sand exists. Occurrence of characteristic species such as the 

Tawny Pipet, Wheatear, Tree Grayling, the killer of the Ladybird Spider, the wasp Eoferreola 

rhombica (Christ, 1791) (Hymenoptera, Pompilidae) and the gold wasp Hedychridium 

femoratum (Dahlbom, 1854), a parasitoid on digger wasps, is almost completely restricted to 

larger drift sands, or yet gone extinct there too. Causes of this restriction are probably a 

species specific combination of sufficient food availability, changes in microclimate, or simply 

a larger spreading of risk in a larger area. Restoration of parts of the larger drift sands has 

inevitably added value. Although smaller drift sands may have local importance for 

biodiversity as well, provided that those sands are kept open and the variety in successional 

stages will be maintained or reinforced. 

Decreased aeolian activity leads to less bare sand, and consequently to a loss of species 

adapted to these situations and dependent on a warm microclimate. These so-called 

thermophilic species take too much time to complete their life cycle when a vegetation cover 

mitigates temperature in soil. Species like the Tawny Earwig and some ground beetles in the 

genera Amara and Harpalus will disappear from the drift sand. Moreover, decreasing aeolian 

activity has also an effect on the nutritional quality of Grey-Hair Grass. It appeared that 

blown-over Grey-Hair Grass had a higher nitrogen content, specifically in the form of amino 

acids, than the grass in more stable situations. Adding nitrogen does increase nitrogen 

content, but not amino acids; the extra nitrogen gathered in this way, is stored in the plant as 

Non-protein Nitrogen (NPN), causing even a further decrease in host plant quality. In bio-

assays with the Mottled Grasshopper (Myrmeleotettix maculatus) it turned out that individuals 

fed with grasses from localities under high atmospheric nitrogen deposition were 20% 

smaller in size compared to those fed with grass from localities with low nitrogen deposition. 

The effect is entirely to blame on NPN-concentrations, rather than mineral deficits or 

changed balance of amino acids. It seems that this mechanism has its effect also on species 
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higher in the food chain, but it is hard to investigate. The Tawny Pipet went already extinct in 

the Dutch drift sands before a proper research project could come into action. The Wheatear 

has been studied instead. Wheatear feed in coastal dunes on a range of herbivores: grubs, 

wireworms and caterpillars. In present-day drift sands, most of these groups are decreased 

(with their hosts) or replaced by moss-feeding species (introduction of Campylopus 

introflexus), which are harder to hunt for Wheatears, or have a lower energy- or nutritional 

content. The exception is found in the Aekingerzand, where the population of Wheatears has 

been increased after large-scale forest clearings to stimulate aeolian activity. Wheatears 

here feed on caterpillars, sampled from neighboring oak trees, and grasshoppers. In other 

drifts sands grasshoppers are less numerous, or even smaller as pointed out above.  

So, in conclusion it has become clear that stimulating aeolian activity has more effects than 

keeping the structures of the drift-sand landscape; it even has its effect higher in the food 

chain for animals. Furthermore, atmospheric nitrogen deposition has to be restricted to a 

minimum for its effects on the spreading of the invasive moss Campylopus introflexus, and 

therefore its effect on food availability of birds, its effect on acidification and with that on the 

seepage of minerals and consequently decrease of herbs, forming the host plants of a 

number of insect, which are in turn important food sources for characteristic drift sand birds. 

 

 

Management and restoration 

 

Management view 

The diversity of threats in drift sands makes an univocal solution impossible. Here we will 

resume restoration measures an management options in line with the objectives for the drift-

sand landscape. A management view should take several values into account: ecological 

ones (status of nature as being Natura 2000 priority habitats), but also values from cultural 

history point of view and geological values. 

 For ecological values, there is a discrepancy between non-interference, in favour of 

the present populations, and carrying out measures for restoration, in the favour of future 

populations. In larger areas these views may coincide, as species may recolonize easily the 

restored areas, and time is sufficient to keep the whole successional gradient present in the 

area. In smaller sites it becomes a real dilemma and preservation of present population may 
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prevail above risky measures for restoration. In time options to enlarge the site in preferably 

south-western direction should be explored. 

 Values of cultural history may form a component of the management view. Special 

attention may be given to elements as oak coppice, border walls, curb work, remnants of 

earlier settlements or other sites of archeological importance. 

 The structures formed by aeolian activity in a drift sand landscape are a value in its 

own. The diversity of dunes, blown-out, transportation, and blown-over zones as presented 

above and in chapters 2 and 5, should also be taken into the management view. 

 Next to the mentioned values, also present use of the drift sands can be taken into 

account, such as leisure and military activities. Of course, a balance should be made, 

whether a combination is possible. Zoning of parts, having different accents, in the whole 

area could be a solution here. Following points should be taken into account when making a 

management view: size of the area, level of atmospheric nitrogen deposition (including future 

outlooks on this), place in the larger landscape (risk of conflicting goals when other natural 

values are in the surrounding), stage of development (presence of sand sources for aeolian 

activity), presence and influence of invasive species (Campylopus introflexus, Black Cherry - 

Prunus serotina) and colonization of Scotch Pine, value and rarity of Natura 2000 habitats 

2310 and 2330 (open inland drift sand and drift sands with Heather) at a European scale and 

last but not least availability of financial means for the execution of the management. A 

management view for drift sand landscapes should have an outlook of 50-100 years, and an 

operational period of 5-10 years. 

 

Planning of measures 

In case of discrepancy between the current condition of a drift sand area and the desired 

one, a series of measures has to be taken. We promote a logical six-steps planning called 

PROMME: Problem definition, Reason, Objective, Measure, Monitoring and Execution (Van 

Duinen et al. 2006). 

Problem definition: determination and description of actual problems in the area. A problem 

may be ecological (loss of species), geological or of cultural history (loss of characteristic 

elements or processes on the landscape level). Problems are sometimes interconnected. 

Beware of confusion of problem and cause: invasive species are often seen as a problem, 

but the problem is the disappearance of characteristic species, the cause may be the 

invader. 
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Reason: Diagnosis of the main causes of the problem(s), which may be internal (lack of sand 

sources, insufficient wind velocity, large seed bank of Scotch Pine) or external (high 

atmospheric deposition of nitrogen, area isolated from comparable drift sands, period of 

unfavourable conditions for aeolian activity). A proper diagnosis requires good knowledge of 

the drift sand area, preferable accompanied by initial research, which may also act as start of 

the monitoring. Interconnected causes should be as good as possible unraveled in order to 

set realistic goals.  

Objective: Precise as possible description of the goals of the measures to be taken, including 

species or structural elements to be conserved or restored. A feed-back to the problem 

definition as well as the reasons is inevitable. Is the goal realistic given the present 

conditions, especially when these originate from outside the area. For a future evaluation 

goals should be formulated in measurable terms. Beware of intermingling of measure and 

goal: making a sand source available cannot be a goal in itself, it is just a measure to restart 

aeolian activity, but then also wind velocity must be sufficient (by clearing the forest) to 

achieve the real goal. Objectives must also be realistic: restoring (a)biotic conditions for lost 

species does not guarantee the return of those species. A back-up plan for reintroduction 

must be available. Important is also to keep the balance here between goals and other use of 

the drift sands, as well as its history. Drift sand is really a landscape on the move! 

Measure: Choice of the most appropriate measure to achieve the goals and a precise 

description of execution of the measures (period, scale, phases, etc.). Some measures may 

have temporary detrimental effects on relict populations, which may be prevented by 

adjustments in the way of execution. Otherwise sand sources may be blown out in a short 

period resulting in a leveled landscape and no continuous process of aeolian activity with its 

fertile effect on nutritional quality of host plants. 

Monitoring: Planning and start of the monitoring prior(!) to the execution of measures. 

Precise description of the baseline (which forms the start of the monitoring) gives important 

information for the determination of the problem(s), as well as for the setting of realistic 

targets. Monitoring should be planned (and financial means reserved) for a longer period, 

including the intervals. The monitoring must be as complete, adjusted to the targets set, as 

possible. Species of a Red List may be valuable, but may not react specifically to the 

measures taken, and may therefore be not an appropriate parameter for monitoring of the 

effects of measures. Of course, methods of monitoring should be described precisely and 

executed accordingly. 
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Execution: Actual execution of the measures, not before all steps have been run and the 

baseline is properly described. Supervision of execution is obligate; irreversible measures, 

such as removal of too much vegetation, or soil material, causing the lost of relict populations 

or significant parts of the sand source, must be avoided. 

 

Measures for the management of drift sands 

Stimulating aeolian activity is one of the most important measures in drift sand landscapes. It 

resets succession, gives a continuous blown-over of pioneer vegetations and consequently 

an improvement nutritional quality of host plants and it has its effect higher in the food chain. 

There are several ways to reopen the vegetation: sieving the sand, milling and harrowing. All 

these measure are effective as to the stage with Hair-Cap Moss (Riksen & Goossens, 2005). 

In later stages too much organic material has been accumulated in soil and sod-cutting is 

then the solution left. This measure is also recommended in stages with Campylopus 

introflexus. Milling and harrowing mixes the plant material with the soil, accumulating organic 

matter can shorten the return period, specifically in blown-out areas. The measures are 

advocated in the south-west part of the drift sand to make a better erodibility of the sand 

source. Otherwise sieving of sand (Photo $$) becomes inescapable. The machine can clean 

0.4-0.6 ha per day. Drawback is the availability of this kind of machines. Otherwise better 

available machines for milling and harrowing may be used more frequently in situations 

where aeolian activity is hard to get started. Photo $$ gives pictures of both the machinery 

and the result of its actions. 

 Removing trees, especially Scotch Pine and Black Cherry, from drift sands is 

important for both wind velocity as well as the microclimate. Removal should have priority, 

especially in the more open areas. On the edges of the drift sand these solitary Scotch Pines 

have an additional value for nature (and the landscape). Grazing by Red Deer or by 

domesticated flocks can be very effective against spontaneous bunch rise. In low densities, 

these grazers also trample, reopen the vegetation, and distribute a number of lichen species. 

 Clearing forest in order to gain wind velocity on the sand sources to promote aeolian 

activity is best done at the south-west. With the help of geomorphological maps, structures 

may be detected, pointing to older patterns of moving sand: several types of dunes, ridges, 

etc. Special drift sand restoration maps may be made for this purpose, including sand 

sources, present geomorphological structures, natural values, as well as other values of 

interest (see Reason in PROMME above). Clearing the forest on a sand sources itself must 
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be accompanied by sod-cutting and removal of trunks. When just clearing for increase of 

wind velocity, sod-cutting and removal of trunk may be postponed, presenting in the 

meantime nesting opportunities for Wheatears as well as additional food sources in dead-

wood inhabiting insects. Trunks are being decomposed after approximately 15 years, where 

after sod-cutting still may be considered. Daniels (1993) described the process of decay of 

the trunks and the succession of lichen-vegetations on it.  

 Sod-cutting is used most frequently nowadays to restore drift sands, most of the time 

in combination with clearing. Also for removing tussocks of Campylopus introflexus, sod-

cutting may be a good alternative next to raking by groups of volunteers. Beware that the 

layer of moveable sand below the vegetation is thick enough to prevent outcrops of loamy 

material, which will lead to an accelerated succession to heathlands. Organic matter 

remaining after sod-cutting may form a good substrate for Campylopus introflexus. 

 In larger areas, a long lasting management view may be stated, including periods 

where succession to forest in allowed. In other parts of the area, forest clearings can result in 

new aeolian activity and consequently a successional range of vegetation types in time and 

in place, a so-called cyclic management (period of 50-100 years). In this situation also the 

phases rich in mushrooms (Chapter 10) can be included in the whole drift sand landscape. 

 Drift sands are often used for leisure purposes, and sometimes even for military 

activity as well. On the one hand, this trampling may serve as a way to keep the bare sand 

open, allowing aeolian activity. On the other hand an infrequent disturbance may have its 

effect on the breeding birds. It seems that military activity gives some habituation and a 

notice that this activity does not harm the birds themselves. Zoning and possibly closing 

periods may create a balance. In zoning the south-western part gives the most opportunities 

for disturbance with favourable effects in the rest of the area. Zoning be actively installed by 

creating parking lots in that area with picnic facilities and trails, while other parts are 

inaccessible or even forbidden. If possible these facilities may be moved every five years in 

order to regenerate the vegetation and disturb another part. Parts with possible breeding 

sites of Tawny Pipets, Nightjars, or Wrynecks may be shut from March till August. 

 

Monitoring 

Effective management goes with sufficient input of knowledge of the changing situation in the 

drift sand landscape, it requires monitoring. Basically an extensive map of the landscape is 

required. It has to be made starting the management plan (as stated above) and has to be 
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updated every 10-15 years. Meanwhile changes in the area of bare sand should be 

monitored annually (possible with aerial photography). Shifts in vegetation may be monitored 

every five years, distinguishing bare sand (1), bare sand with less than 5% cover of Grey-

Hair Grass (2), Hair-Cap Moss with some Grey-Hair Grass (hardly any other species present) 

(3), Campylopus introflexus and grasses (poor in lichens) (4), species-rich mosaics of 

lichens, mosses and grasses, dominated by lichens (5), grassy vegetations with at least 50% 

cover of Sheep’s Fescue, Brown Bentgrass, and larger lichens (Cladonia portentosa, C. 

uncialis, C. gracilis) (6), drift sand with Heather (7) and (young) trees such as Scotch Pine 

and Birch (8). Numbers 1, 2 and 7 may be detected with aerial photographs, the others 

require field visits. Some species may be given additional attention: Condensed Snow Lichen 

(Stereocaulon condensatum) Tawny Earwig (Labidura riparia) and the snow Scorpion Fly 

(Boreus hyemalis), characteristic in bare sand with some Hair-Cap Moss; Spiny Heath 

Lichen (Cetraria aculeata), cup lichens such as Cladonia verticillata, C. pulvinata, and C. 

cervicornis, Olive Cladonia (Cladonia stepsilis), Mottled Grasshopper (Myrmeleotettix 

maculatus), Tree Grayling (Hipparchia statilinus), Blue-winged Grasshopper (Oedopoda 

coerulescens), Silver-spotted Skipper (Hesperia comma), and Ladybird Spider (Eresus 

sandaliatus) characteristic for type 5, and the herbs Sheep’s Bit (Jasione montana), Wild 

Thyme (Thymus serpyllum), Bluebell (Campanula rotundifolia), Matgrass (Nardus stricta) and 

Heath Rush (Juncus squarrosus) as characteristic plants in type 6, with the Grayling 

(Hipparchia semele) and the Field Cricket (Gryllus campestris) in both types 6 and 7. The 

Wood Tiger Beetle (Cicindela sylvatica) and the Bush Cricket (Ephippiger ephippiger) being 

characteristic for type 8 and wood-edges. Breeding birds should be monitored annually, with 

special attention to Tawny Pipet, Nightjar, Wryneck, Wheatear, Woodlark, and 

Yellowhammer. 

 Reporting may distinguish between positive indicators: the species listed above and 

negative indicators: increase of invasive species: Scotch Pine, Black Cherry, and 

Campylopus introflexus. Results to be used to adjust the management of the drift sand 

landscape in order to meet Natura 2000 requirements and legislate this wonderful type of 

landscape to our grandchildren. 

 


